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7KH� SXUSRVH� RI� WKLV� JHQHUDO� SRSXODWLRQ� H[SRVXUH� DVVHVVPHQW� LV� WR� GHWHUPLQH� QRQ�
RFFXSDWLRQDO�H[SRVXUHV�WR�OLWKRJUDSK\�EODQNHW�ZDVK�FKHPLFDOV���7KLV�GHWHUPLQDWLRQ�DGGUHVVHV
FRQWDFW�E\�SHRSOH�ZKR�DUH�QRW�GLUHFWO\�LQYROYHG�LQ�WKH�OLWKRJUDSK\�SURFHVV���3HRSOH�ZKR�OLYH�QHDU
D� SULQWLQJ� IDFLOLW\� PD\� EUHDWKH� DLU� FRQWDLQLQJ� VPDOO� DPRXQWV� RI� YDSRUV� IURP� HYDSRUDWLRQ� RI
SURGXFWV�DW�WKH�SULQWLQJ�IDFLOLW\���5HVLGXHV�IURP�WKH�EODQNHW�ZDVK�SURGXFWV�HQWHU�WKH�HQYLURQPHQW
ZKHQ�IDFLOLWLHV��HLWKHU�SULQWHU�IDFLOLWLHV�RU�ODXQGULHV�ZDVKLQJ�WKH�UDJV��GLVFKDUJH�WKH�SURGXFWV�GRZQ
WKH�GUDLQ��HLWKHU�WR�D�SXEOLFO\�RZQHG�WUHDWPHQW�ZRUNV��327:��RU�WKURXJK�D�VHSWLF�V\VWHP���2QFH
WKH�FKHPLFDOV�HQWHU�VXUIDFH�ZDWHU��WKH\�PD\�WUDYHO�GRZQVWUHDP�DQG�HQWHU�D�GULQNLQJ�ZDWHU�IDFLOLW\�
3HRSOH�FRXOG� WKHQ�EH�H[SRVHG�E\�GULQNLQJ� WKLV�ZDWHU�� �3HRSOH�PD\�DOVR�GULQN�ZHOO�ZDWHU� WKDW
FRQWDLQV�FRQWDPLQDQWV�WKDW�KDYH�PLJUDWHG�IURP�D�ODQGILOO�ZKHUH�ZDVWHV��HVSHFLDOO\�UDJV�DQG�HPSW\
FRQWDLQHUV��DUH�GLVSRVHG���)RU�HDFK�RI�WKHVH�FRQWDFW�URXWHV��WKH�DPRXQW�RI�H[SRVXUH�GHSHQGV�RQ
VHYHUDO� IDFWRUV�� � GLVWDQFH� IURP� WKH� IDFLOLW\�� WKH� DFWXDO� URXWHV� RI� FRQWDFW� �VXFK� DV� GULQNLQJ�
EUHDWKLQJ��WRXFKLQJ���WKH�OHQJWK�RI�WLPH�WKH�FKHPLFDO�KDV�EHHQ�LQ�WKH�HQYLURQPHQW��DQG�WKH�ZD\
WKDW� WKH� FKHPLFDO�PRYHV� WKURXJK� WKH� HQYLURQPHQW�� � 7KH� SRWHQWLDO� H[SRVXUHV� DOVR� GHSHQG� RQ
HQYLURQPHQWDO�FRQGLWLRQV��LQFOXGLQJ�WKH�ZHDWKHU�DQG�WKH�YROXPH�RI�ZDWHU�LQ�WKH�VWUHDP�RU�ULYHU
ZKLFK�UHFHLYHV�WKH�IDFLOLW\
V�GLVFKDUJHV�

7KH�JHQHUDO�SRSXODWLRQ�H[SRVXUH�DVVHVVPHQW�VKRXOG�QRW�EH�FRPSDUHG�WR�WKH�RFFXSDWLRQDO
KHDOWK�VWDQGDUGV�WR�GHWHUPLQH�LI�DQ�H[SRVXUH�LV�UHDVRQDEOH�RU�QRW���0DQ\�RFFXSDWLRQDO�VWDQGDUGV
DUH�EDVHG�RQ�WHFKQRORJLFDO�IHDVLELOLW\��UDWKHU�WKDQ�LGHDO�ULVN�UHGXFWLRQ���)XUWKHUPRUH��PHDVXULQJ
LQWHUQDO� IDFLOLW\� FRQWDPLQDQW� OHYHOV� PD\� QRW� EH� VXIILFLHQW� WR� GHWHUPLQH� VLJQLILFDQW� JHQHUDO
SRSXODWLRQ�H[SRVXUH���&HUWDLQ�W\SHV�RI�FRQWUROV�VLPSO\�PRYH�WKH�FKHPLFDO�IURP�LQVLGH�WKH�SODQW�WR
WKH�RXWGRRUV��FUHDWLQJ�KLJKHU�FRQFHQWUDWLRQV�RXWVLGH�WKH�IDFLOLW\�WKDQ�LQVLGH�WKH�IDFLOLW\���6RPH
SDWKZD\V� RI� H[SRVXUH�� VXFK� DV� WKH� GULQNLQJ�ZDWHU� SDWK�� GR�QRW� H[LVW� IRU�ZRUNHUV�� � ,W� LV� DOVR
LPSRUWDQW�WR�QRWH�WKDW�VRPH�FKHPLFDOV�PD\�KDYH�D�PRUH�VLJQLILFDQW�LPSDFW�RQ�D�VSHFLILF�VHJPHQW
RI�WKH�JHQHUDO�SRSXODWLRQ��VXFK�DV�FKLOGUHQ��WKDQ�RQ�D�W\SLFDO�ZRUNHU�

&KDSWHU���FRQWDLQV�VXPPDULHV�IRU�WKH�IDWH�RI�DOO�RI�WKH�FKHPLFDOV�LGHQWLILHG�DV�EHLQJ�XVHG
LQ�EODQNHW�ZDVK�SURGXFWV���7KH�IDWH�RI�WKH�FKHPLFDO�LQ�WKH�HQYLURQPHQW�LV�KRZ�ZH�UHIHU�WR�WKH
EUHDNGRZQ��WUDQVIRUPDWLRQ��DQG�PRELOLW\�RI�WKH�FKHPLFDO�WKURXJK�DLU��ZDWHU��DQG�ODQG���&KHPLFDO
IDWH�GLIIHUV�IRU�UHOHDVH�WKURXJK�D�ZDVWH�ZDWHU�WUHDWPHQW�IDFLOLW\�DV�RSSRVHG�WR�DQ�DLU�UHOHDVH�RU�D
ODQGILOO�UHOHDVH���'HILQLWLRQV�RI�WKH�WHUPV�XVHG�WR�GHVFULEH�WKH�IDWH�DUH�DOVR�LQFOXGHG�LQ�&KDSWHU���
)RU�WKLV�DVVHVVPHQW��WKH�SHUFHQW�UHPRYDO�GXULQJ�ZDVWHZDWHU�WUHDWPHQW�DQG�WKH�KDOI�OLIH�RI�WKH
FKHPLFDO�LQ�DLU�DUH�WKH�SULPDU\�HOHPHQWV�WDNHQ�IURP�WKH�IDWH�DVVHVVPHQW����7KH�RWKHU�SURSHUWLHV
DQG�SURFHVVHV�OLVWHG�ZHUH�XVHG�WR�GHULYH�RU�HVWLPDWH�WKHVH�YDOXHV�

�7KLV�DVVHVVPHQW�DGGUHVVHV�WZR�SHUVSHFWLYHV���ORFDO�DQG�UHJLRQDO���7KH�ORFDO�SRLQW�RI�YLHZ
FRQVLGHUV�D�VLQJOH�IDFLOLW\�LQ�QRUPDO�RSHUDWLRQ���,W�ZLOO�KDYH�FHUWDLQ�UHOHDVHV�WKDW�DIIHFW�D�VSHFLILF
DUHD�DQG�VSHFLILF�ORFDO�SRSXODWLRQ���6LQFH�LQIRUPDWLRQ�LV�QRW�DYDLODEOH�IRU�HDFK�OLWKRJUDSK\�IDFLOLW\�
D��PRGHO�IDFLOLW\��DSSURDFK�LV�XVHG�WR�FDOFXODWH�W\SLFDO�UHOHDVHV�DQG�HQYLURQPHQWDO�FRQFHQWUDWLRQV�
7KLV�DSSURDFK�ZLOO�QRW�DOORZ�XV�WR�VSHFLI\�WKH�QXPEHU�RI�SHRSOH�DURXQG�WKH�IDFLOLW\�EHFDXVH�WKH
SRSXODWLRQ�YDULHV�FRQVLGHUDEO\�GHSHQGLQJ�RQ�WKH�ORFDWLRQ�RI�WKH�SULQWLQJ�IDFLOLW\���7KH�UHJLRQDO
SHUVSHFWLYH�SURYLGHV�LQVLJKW�LQWR�WKH�RYHUDOO�LPSDFW�RI�UHOHDVHV�IURP�DOO�RI�WKH�SULQWLQJ�IDFLOLWLHV�IRU
WKH�JHQHUDO�SRSXODWLRQ���:KLOH�RQH�IDFLOLW\�PD\�QRW�EH�UHOHDVLQJ�YHU\�PXFK�RI�DQ\�JLYHQ�FKHPLFDO�
WKH�FXPXODWLYH�HIIHFW�RI�DOO�RI�WKH�SULQWHUV�LQ�DQ�DUHD�FRXOG�EH�VHULRXV���7KH�UHJLRQDO�SHUVSHFWLYH
ZDV�PRGHOHG�XVLQJ�IDFLOLWLHV�ORFDWHG�LQ�D�VLQJOH�FLW\��'HQYHU��&RORUDGR��WR�SURYLGH�DQ�H[DPSOH�RI
FXPXODWLYH�H[SRVXUHV�

7KLV�H[SRVXUH�DVVHVVPHQW�VKRXOG�EH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�WKH�KHDOWK�DVVHVVPHQW�WR
SURYLGH�D�EDODQFHG�SLFWXUH�RI�ULVN���7KH�VSHFLILF�HIIHFWV�RI�D�FKHPLFDO��VXFK�DV�DFXWH��VKRUW�WHUP�
HIIHFWV�RU�FKURQLF��ORQJ�WHUP��HIIHFWV��GHWHUPLQH�ZKDW�SHULRG�V��RI�H[SRVXUH�WR�FRQVLGHU���)RU�ORQJ�
WHUP� �FKURQLF�� HIIHFWV�� VXFK� DV� FDUFLQRJHQLFLW\�� LW� LV�PRVW� KHOSIXO� WR� KDYH� DYHUDJH�� RU� W\SLFDO�
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H[SRVXUHV��VLQFH�WKH�HIIHFW�GHSHQGV�RQ�WKH�FXPXODWLYH�H[SRVXUH���)RU�DFXWH�HIIHFWV��ZKLFK�FDQ
LQFOXGH�WKLQJV�VXFK�DV�H\H�LUULWDWLRQ��D�SHDN�H[SRVXUH�HVWLPDWH�ZRXOG�EH�PRUH�KHOSIXO���7KLV�FDQ
WKHQ�EH�FRPSDUHG�ZLWK�OHYHOV�DW�ZKLFK�WKH�FKHPLFDO�LV�NQRZQ�WR�FDXVH�LPPHGLDWH�KHDOWK�SUREOHPV�
6LQFH�WKH�LQIRUPDWLRQ�ZKLFK�ZRXOG�DOORZ�SHDN�H[SRVXUHV�WR�EH�FDOFXODWHG�LV�QRW�DYDLODEOH��DYHUDJH
FRQFHQWUDWLRQV�DUH�FDOFXODWHG�LQ�WKLV�DVVHVVPHQW�

8QFHUWDLQW\

(VWLPDWLQJ�H[SRVXUHV�LV�D�VFLHQFH�ZKHUH�PDQ\�SLHFHV�DUH�DSSUR[LPDWHG��OHDGLQJ�WR�VRPH
XQFHUWDLQW\�LQ�WKH�UHVXOWV�RI�WKH�HVWLPDWHV���,Q�WKLV�DVVHVVPHQW�ZH�XVHG�D�PRGHO�IDFLOLW\�DSSURDFK�
ZKHUH�WKH�PRGHO�IDFLOLW\�ZDV�QRW�DQ�DFWXDO�SULQWLQJ�IDFLOLW\�ZKLFK�H[LVWV����,Q�RXU�PRGHOLQJ��ZH�KDYH
IL[HG� FHUWDLQ�GDWD�SRLQWV� WR� VSHFLILF� YDOXHV�� �$OWKRXJK�ZH�KDYH�SUHYLRXVO\�XVHG�ZHDWKHU�GDWD
VSHFLILFDOO\� IRU� � 6DQ� %HUQDUGLQR�� WKLV� GRHV� QRW�PHDQ� WKDW� WKH� FRQFHQWUDWLRQ� UHVXOWV� KDYH� QR
PHDQLQJ� IRU�D�GLIIHUHQW� ORFDWLRQ�� �0DQ\� ORFDWLRQV�ZRXOG�KDYH�URXJKO\� WKH�VDPH�FRQFHQWUDWLRQ
UHVXOWV�DV�6DQ�%HUQDUGLQR��DQG�QR�ORFDWLRQV�ZRXOG�KDYH�FRQFHQWUDWLRQV�RI�OHVV�WKDQ�RQH�WHQWK�RI
WKH�UHVXOWV�IRU�6DQ�%HUQDUGLQR���2IWHQ��GDWD�SDUDPHWHUV�DUH�IL[HG�EHFDXVH�ZH�NQRZ�ZKDW�VHOHFWLQJ
WKLV�FRPELQDWLRQ�RI�YDOXHV�GRHV�WR�WKH�UHODWLYH�YDOXH�RI�WKH�ULVN���7KH�EXLOGLQJ�KHLJKW���WHPSHUDWXUH
DQG�WKH�H[LW�YHORFLW\�LQ�DLU�PRGHOLQJ�DUH�H[DPSOHV�RI�WKHVH�W\SHV�RI�SDUDPHWHUV���:H�KDYH�VHW�WKHP
WR�PD[LPL]H�WKH�DYHUDJH�FRQFHQWUDWLRQV�FORVH�WR�WKH�IDFLOLW\����6RPH�SHRSOH�ZRXOG�FDOO�WKLV�D�ZRUVW
FDVH��RU�D�ERXQGLQJ�HVWLPDWH���,Q�DFWXDOLW\��VLQFH�ZH�KDYH�SUHVHQWHG�D�VFHQDULR�IRU�PRGHOLQJ��EXW
GR�QRW�NQRZ�KRZ�RIWHQ�WKRVH�H[SRVXUH�OHYHOV� �RU��SRWHQWLDO�GRVHV��DFWXDOO\�H[LVW��WKH�H[SRVXUH
HVWLPDWHV��VKRXOG�EH�ODEHOHG�D�§:KDW�LI�¨���7KHVH�:KDW�LI�HVWLPDWHV�DQVZHU�D�TXHVWLRQ�VLPLODU�WR
§:KDW�KDSSHQV�LI�WKH�EXLOGLQJ�LV�DOZD\V�WKUHH�PHWHUV�WDOO��WKH�DLU�HVFDSLQJ�KDV�OLWWOH�H[LW�YHORFLW\�
DQG�LV�DPELHQW�WHPSHUDWXUH"¨��,W�LV�D�YHU\�JRRG�EDVLV�IRU�FRPSDULQJ�ULVN�EHWZHHQ�IRUPXODWLRQV��

2YHUYLHZ�E\�0HGLD

7KH�IROORZLQJ�VHFWLRQV�SURYLGH�DQ�RYHUYLHZ�RI�JHQHUDO�SRSXODWLRQ�H[SRVXUHV�WKDW�PD\�RFFXU
YLD�DLU��VXUIDFH�ZDWHU��VHSWLF�V\VWHPV��DQG�ODQGILOOV�

$LU

/RFDO�([SRVXUH���5HOHDVHV�WR�DLU�UHVXOW�IURP�HYDSRUDWLRQ�RI�FKHPLFDOV�GXULQJ�WKH�EODQNHW
ZDVK�SURFHVV�� � �$FWLYLWLHV� LQFOXGH�DOORZLQJ�EODQNHWV� WR�GU\��XVLQJ�VKRS� WRZHOV�GXULQJ�EODQNHW
FOHDQLQJ��RU�RSHQLQJ�WKH�FRQWDLQHUV�WKDW�KROG�WKH�EODQNHW�ZDVK���7KHVH�YDSRUV�DUH�WKHQ�FDUULHG�E\
DQG�PL[HG�ZLWK�RXWVLGH�DLU���7KH�UHVXOWLQJ�DLU�FRQFHQWUDWLRQ�ZLOO�GHSHQG�RQ�ZHDWKHU�FRQGLWLRQV�
6WDJQDQW�FRQGLWLRQV�ZLOO�QRW�PRYH�YDSRUV�DZD\�TXLFNO\��VR�ORFDO�FRQFHQWUDWLRQV�RI�WKH�FKHPLFDO�ZLOO
EH�KLJKHU�WKDQ�WKH�FRQFHQWUDWLRQV�IDUWKHU�IURP�WKH�SODQW���8QGHU�ZLQG\�FRQGLWLRQV��WKH�YDSRUV�ZLOO
EH�FDUULHG�DZD\�IDVWHU��UHGXFLQJ�WKH�ORFDO�FRQFHQWUDWLRQV���7KH�QXPEHU�RI�SHRSOH�PD\�LQFUHDVH�RU
GHFUHDVH�ZLWK�GLVWDQFH�IURP�WKH�IDFLOLW\���7KH�ORFDWLRQ�RI�WKH�SULQWLQJ�IDFLOLW\�ZLOO�DOVR�LQIOXHQFH�WKH
H[SRVXUH�� � ,I� WKH� ORFDWLRQ� LV� NQRZQ�� WKH� H[SRVXUH� DVVHVVRU� ZLOO� XVH� D� FRPSXWHU� SURJUDP� WR
GHWHUPLQH�ZHDWKHU�SDWWHUQV���7KH�QXPEHU�RI�SHRSOH�DURXQG�D�NQRZQ�IDFLOLW\�ZLOO�EH�GHWHUPLQHG�E\
XVLQJ�FHQVXV�GDWD��

)RU�RXU�PRGHO�IDFLOLW\��ZH�DVVXPH�D�EXLOGLQJ�KHLJKW�RI�WKUHH�PHWHUV��DQG�D�ZLGWK�RI���
PHWHUV�� �7KLV� LV�D�EXLOGLQJ�DSSUR[LPDWHO\� WKH�VL]H�RI�D�RQH�FDU�JDUDJH�� �:H�WKHQ�SLFN�VDPSOH
ZHDWKHU�FRQGLWLRQV�WR�GHWHUPLQH�ZKDW�WKH�DLU�FRQFHQWUDWLRQ�RI�D�FKHPLFDO�ZLOO�EH�DW�D�VHW�GLVWDQFH
IURP�WKH�SULQWLQJ�IDFLOLW\���6DQ�%HUQDUGLQR�LV�XVHG�EHFDXVH�WKH�ZHDWKHU�FRQGLWLRQV�WKHUH�ZLOO�UHVXOW
LQ�WKH�KLJKHVW�DYHUDJH�FRQFHQWUDWLRQV�DURXQG�WKH�IDFLOLW\�RI�DQ\�RI�WKH�DSSUR[LPDWHO\�����ZHDWKHU
VWDWLRQV�LQ�WKH�8QLWHG�6WDWHV���7KH�DYHUDJH�FRQFHQWUDWLRQV�DURXQG�6DQ�%HUQDUGLQR�DUH�ZLWKLQ�DQ
RUGHU�RI�PDJQLWXGH��SRZHU�RI�WHQ��RI�FRQFHQWUDWLRQV�H[SHFWHG�DQ\ZKHUH�HOVH�LQ�WKH�FRXQWU\����,I�WKH
6DQ�%HUQDUGLQR�DYHUDJH�FRQFHQWUDWLRQ�ZHUH�HVWLPDWHG�DV�����J�P ��WKHQ�WKH�DYHUDJH�FRQFHQWUDWLRQ�

DQ\ZKHUH�LQ�WKH�FRXQWU\�ZRXOG�EH�JUHDWHU�WKDQ����J�P ��
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7KH�PRGHO�XVHG�LV�FDOOHG�,QGXVWULDO�6RXUFH�&RPSOH[�/RQJ�7HUP��,6&/7����,W�ZDV�GHYHORSHG
DV�D�UHJXODWRU\�PRGHO�E\�WKH�(3$ªV�2IILFH�RI�$LU�DQG�5DGLDWLRQ���7KH�2IILFH�RI�3ROOXWLRQ�3UHYHQWLRQ
DQG�7R[LFV�XVHV�DQ�LPSOHPHQWDWLRQ�RI�,6&/7�LQ�WKH�*UDSKLFDO�([SRVXUH�0RGHOLQJ�6\VWHP��*(06��
$SSHQGL[�%�FRQWDLQV�DQ�H[DPSOH�RI�DQ�LQSXW�ILOH�IRU�WKLV�PRGHO���([FHSW�IRU�LWHPV�LGHQWLILHG��WKH
SDUDPHWHUV�HQWHUHG�DUH�WKH�UHJXODWRU\�GHIDXOWV���7KH�PRGHO�ZLOO�FDOFXODWH�PRUH�WKDQ�RQH�FKHPLFDO
DW�D� WLPH�DQG� LV� UXQ� LQ�XUEDQ���PRGH�� �$OVR�HQWHUHG� LQWR� WKH�PRGHO� LV� WKH�GHFD\� UDWH�RI� WKH
FKHPLFDO���7R�FRQYHUW�IURP�WKH�KDOI�OLIH�RI�WKH�FKHPLFDO��JLYHQ�LQ�WKH�IDWH�VXPPDULHV�LQ�&KDSWHU���
WR�WKH�GHFD\�UDWH�LQ�LQYHUVH�VHFRQGV��GLYLGH��������WKH�QDWXUDO�ORJ�RI����E\�WKH�KDOI�OLIH�LQ�VHFRQGV�

7KH�DPRXQW�UHOHDVHG��JLYHQ�LQ�WKLV�GRFXPHQW�LQ�XQLWV�RI�JUDPV�SHU�VHFRQG��LV�FDOFXODWHG
LQ�JUDPV�SHU�VHFRQG�SHU�PHWHU�VTXDUHG���6LQFH�RXU�PRGHO�IDFLOLW\�LV����PHWHUV�SHU�VLGH��RU����
PHWHUV�VTXDUH��WKH�UHOHDVH�LV�GLYLGHG�E\�����

,Q�RUGHU�WR�REWDLQ�WKH�FRQFHQWUDWLRQ�DW�����PHWHUV��D�VSHFLDO�SRODU�JULG�ZDV�HQWHUHG���7KH
ULQJ�GLVWDQFHV�VSHFLILHG�ZHUH�����PHWHUV������PHWHUV������PHWHUV������PHWHUV������PHWHUV�����
PHWHUV������PHWHUV������PHWHUV������PHWHUV�DQG�D�NLORPHWHU���7KH�DLU�GLVSHUVLRQ�PRGHO�FDOFXODWHV
WKH�DYHUDJH�DLU�FRQFHQWUDWLRQV�RI�WKH�FKHPLFDO�YDSRUV�LQ�WKH�VSHFLILHG�VHFWRUV���7KH�VHFWRUV�DUH
GHILQHG�E\� WKH� ULQJV�DQG� WKH�FRPSDVV�SRLQWV�� IRUPLQJ�DQ�DUF�VKDSHG�DUHD�� �7KHUH�ZHUH� WKUHH
FDOFXODWLRQV�SHU�VHFWRU����7KH�FRPSDVV�SRLQW�ZLWK�WKH�KLJKHVW�FRQFHQWUDWLRQ�DW�����PHWHUV�ZDV�WKHQ
XVHG�WR�GHWHUPLQH�H[SRVXUH���7KH�ORFDWLRQ�ZDV�DW���(��WKDW�LV��HDVW��

)URP�WKH�FRQFHQWUDWLRQ�LQ�WKH�DLU��WKH�DPRXQW�ZLWK�ZKLFK�DQ�LQGLYLGXDO�PD\�DFWXDOO\�FRPH
LQ�FRQWDFW�FDQ�EH�FDOFXODWHG�E\�NQRZLQJ�WKH�EUHDWKLQJ�UDWH���$�PRGHUDWHO\�DFWLYH�DGXOW�EUHDWKHV
���P �SHU�GD\���7KH�IRUPXOD�IRU�DQ�DQQXDO�GRVH�LV��

$QQXDO�'RVH�� ��&RQFHQWUDWLRQ�[�'DLO\�,QKDODWLRQ�5DWH�[�'D\V�SHU�\HDU

ZKHUH�WKH�FRQFHQWUDWLRQ� LV� LQ��J�P ��DQG�WKH�EUHDWKLQJ�UDWH� LV� LQ�FXELF�PHWHUV�SHU�GD\�� �7KH�

SRWHQWLDO�GRVH�QRUPDOL]HG�IRU�ERG\�PDVV�FDOFXODWHG�SHU�GD\�IRU�WKH�HQWLUH�OLIHWLPH��LV�FDOOHG�WKH
/LIHWLPH�$YHUDJH�'DLO\�'RVH�RU�/$''��7DEOH��������7KH�IRUPXOD�IRU�WKLV�GRVH�UDWH�LV�

������������������������������������������������&RQFHQWUDWLRQ�[�'DLO\�,QKDODWLRQ�5DWH�[�������PJ��J
�������������������������/$''����� �����������������������������������������������������������������������
�����������������������������������������������������������������������$YHUDJH�%RG\�:HLJKW�

7KH�DYHUDJH�ERG\�ZHLJKW�XVHG�LQ�WKLV�DVVHVVPHQW�LV����NJ��DQ�DYHUDJH�DGXOW�����6LQFH�WKHUH�LV�QR
UDWLR�IRU�WKH�SHUFHQWDJH�RI�GD\V�VSHQW�EUHDWKLQJ�DLU�FRQWDLQLQJ�HYDSRUDWHG�EODQNHW�ZDVK�FKHPLFDOV�
WKLV�FDOFXODWLRQ�DVVXPHV�WKDW�D�SHUVRQ�ZLOO�EH�EUHDWKLQJ�WKLV�FRQFHQWUDWLRQ�HYHU\�GD\�RI�WKHLU�OLIH�

8QFHUWDLQW\

:LWKLQ�RXU�VFHQDULR��WKHUH�DUH�VSHFLILF�SDUDPHWHUV�ZKLFK�DIIHFW�ILQDO�FRQFHQWUDWLRQV�DQG
WKHUHIRUH�ILQDO�H[SRVXUHV�PRUH�WKDQ�RWKHUV����6LQFH�ZH�DUH�XVLQJ�WKH�HVWLPDWHV�IRU�FRPSDULVRQ��WKH
VLQJOH�PRVW�LPSRUWDQW�IDFWRU�LV�WKH�DPRXQW�RI�WKH�VXEVWDQFH�UHOHDVHG�SHU�IRUPXODWLRQ���7KLV�LV�WUXH
IRU�ERWK�DLU�DQG�ZDWHU�

$LU�UHOHDVHV�KDYH�PDQ\�IDFWRUV�ZKLFK�IROG�LQWR�WKH�EHKDYLRU�RI�WKH�FKHPLFDO���$�VWURQJHU�IDQ
ZLOO�LQFUHDVH�WKH�QXPEHU�RI�SHRSOH�RXWVLGH�WKH�IDFLOLW\�ZKR�FRPH�LQ�FRQWDFW�WKH�FKHPLFDO��EHFDXVH
WKH�FKHPLFDO�ZLOO�VWD\�FRQFHQWUDWHG�IDUWKHU���$�KLJKHU�WHPSHUDWXUH�ZLOO�FDXVH�WKH�FKHPLFDO�WR�ULVH
LQ� WKH� DLU�� � 7KH� UHODWLYH� GLIIHUHQFHV� EHWZHHQ� WKHVH� WKLQJV� LV� QRW� DV� VLJQLILFDQW� WR� WKH� ILQDO
FRQFHQWUDWLRQ�DV�LV�WKH�DPRXQW�UHOHDVHG�
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Table 3-3.  Single Facility 100 Meter Air Concentrations and Residential 
Population Potential Dose Rates 1

Form.
Number

Chemical Components Concentration Pot. Dose LADD
100 Meter Annual

(µg/m ) (mg/year) (mg/kg/day)3

1 Fatty acid derivatives 10 80 3 x 10
Alkoxylated alcohols 3 20 8 x 10

-3

-4

3 Hydrocarbons, petroleum distillates 4 30 1 x 10
Fatty acid derivatives
Hydrocarbons, aromatic 4.2 28.7 1.29 x 10
Alkyl benzene sulfonates

-3

-3

4 Terpenes 10 70 3 x 10
Ethoxylated nonylphenol

-3

5 Water 
Hydrocarbons, aromatic 4 30 1 x 10
Ethylene glycol ethers 2 10 5 x 10
Ethoxylated nonylphenol
Alkyl benzene sulfonates
Alkoxylated alcohols
Alkali/salts

-3

-4

6 Fatty acid derivatives
Hydrocarbons, petroleum distillates 3 20 9 x 10
Hydrocarbons, aromatic 1 7 3 x 10
Alkyl benzene sulfonates

-4

-4

7 Terpenes 12 95 4.5 x 10
Ethoxylated nonylphenol
Alkoxylated alcohols

-3

8 Water 
Hydrocarbons, aromatic 3 20 9 x 10
Propylene glycol ethers 2 20 6 x 10
Alkyl benzene sulfonates
Ethoxylated nonylphenol
Alkoxylated alcohols
Alkali/salts

-4

-4

9 Fatty acid derivatives
Water
Ethoxylated nonylphenol

10 Fatty acid derivatives
Water

11 Fatty acid derivatives
Hydrocarbons, petroleum distillates 5 40 1 x 10
Hydrocarbons, aromatic 9 x 10 7 3 x 10
Alkyl benzene sulfonates

-1

-3

-4

12 Hydrocarbons, petroleum distillates 5.9 47 1.3 x 10-3

14 Fatty acid derivatives
Propylene glycol ethers 1 9 4 x 10-4

16 Terpenes 12.5 100 4.6 x 10-3
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Chemical Components Concentration Pot. Dose LADD
100 Meter Annual

(µg/m ) (mg/year) (mg/kg/day)3
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17 Ethoxylated nonylphenol
Glycols 5 x 10 4 1 x 10
Fatty acid derivatives
Alkali/salts
Water

-1 -4

18 Fatty acid derivatives
Hydrocarbons, petroleum distillates 4 30 1 x 10
Hydrocarbons, aromatic 9 x 10 7 3 x 10
Dibasic esters 1.8 12 6 x 10
Esters/lactones 6 x 10 4 2 x 10
Alkyl benzene sulfonates

-1

-1

-3

-4

-4

-4

19 Fatty acid derivatives
Propylene glycol ethers 9 70 3 x 10-3

20 Hydrocarbons, petroleum distillates 2 10 5 x 10
Hydrocarbons, aromatic 1 9 3 x 10
Alkyl benzene sulfonates

-4

-4

21 Hydrocarbons, aromatic 3 20 7 x 10
Hydrocarbons, petroleum distillates 4 30 1 x 10
Fatty acid derivatives

-4

-3

22 Fatty acid derivatives
Hydrocarbons, aromatic 3 20 9 x 10-4

23 Terpenes 6 40 2 x 10
1 x 10

Alkoxylated alcohols 4 30 1 x 10

-3

Nitrogen heterocyclics 4 30   -3

-3

24 Terpenes 2 20 7 x 10
2 x 10

Ethoxylated nonylphenol
Alkyl benzene sulfonates
Alkali/salts

-1

-4

Ethylene glycol ethers 6 x 10 4   -4

25 Terpenes 12.3 93 4.4 x 10
Esters/lactones 6 x 10 4 2 x 10-1

-3

-4

26 Fatty acid derivatives
Esters/lactones

27 Terpenes 21 140 6.3 x 10-3

28 Hydrocarbons, petroleum distillates 10 70 3 x 10-3

29 Fatty acid derivatives

30 Hydrocarbons, aromatic 9 60 2 x 10
4 x 10

-3

Propylene glycol ethers 1 10   -4

31 Hydrocarbons, aromatic 2 10 5 x 10
Hydrocarbons, petroleum distillates 10 70 3 x 10

-4

-3

32 Hydrocarbons, petroleum distillates 10 90 3 x 10-3

33 Hydrocarbons, petroleum distillates 3 20 9 x 10
Hydrocarbons, aromatic 3 20 9 x 10
Propylene glycol ethers 6 x 10 4 2 x 10-1

-4

-4

-4
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Form.
Number

Chemical Components Concentration Pot. Dose LADD
100 Meter Annual

(µg/m ) (mg/year) (mg/kg/day)3
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34 Water
Terpenes 3 20 7 x 10
Hydrocarbons, petroleum distillates 2 20 6 x 10
Alkoxylated alcohols
Fatty acid derivatives

-4

-4

35 Hydrocarbons, petroleum distillates 2 10 5 x 10
Hydrocarbons, aromatic 10 70 3 x 10

-4

-3

36 Fatty acid derivatives
Hydrocarbons, petroleum distillates 2 20 7 x 10
Hydrocarbons, aromatic 1 8 3 x 10
Propylene glycol ethers 6 x 10 4 2 x 10-1

-4

-4

-4

37 Water
Hydrocarbons, petroleum distillates 12 80 4 x 10
Hydrocarbons, aromatic 5 40 1 x 10

-3

-3

38 Hydrocarbons, petroleum distillates 8 60 2 x 10
Alkoxylated alcohols 2 20 6 x 10
Fatty acid derivatives

-3

-4

39 Water
Hydrocarbons, petroleum distillates 3 20 7 x 10
Propylene glycol ethers 1 10 4 x 10
Alkanolamines
Ethylene glycol ethers 7 x 10 5 2 x 10-1

-4

-4

-4

40 Hydrocarbons, aromatic 2 10 5 x 10
Hydrocarbons, petroleum distillates 2 20 6 x 10
Fatty acid derivatives
Ethoxylated nonylphenol

-4

-4

A blank space in the table indicates that there were no air releases for the chemical because the chemical would not1

evaporate readily.

5HJLRQDO�([SRVXUH�� �)RU� WKH�VHFRQG�DSSURDFK�� WKH�RYHUDOO� JHQHUDO�SRSXODWLRQ�H[SRVXUH
SLFWXUH�UHVXOWLQJ�IURP�PXOWLSOH�SULQWLQJ�IDFLOLWLHV�ZDV�VRXJKW���7KH�WRWDO�UHVLGHQWLDO�SRSXODWLRQ
H[SRVHG�WR�EODQNHW�ZDVK�FKHPLFDOV�ZDV�QRW�DYDLODEOH��VLQFH�WKH�ORFDWLRQV�RI�DOO�WKH�OLWKRJUDSK\
IDFLOLWLHV�DFURVV�WKH�FRXQWU\�DUH�QRW�NQRZQ���,QVWHDG��D�VLQJOH�FLW\�ZDV�XVHG�DQG�DOO�NQRZQ�IDFLOLWLHV
ZLWKLQ� WKDW� FLW\�ZHUH�PRGHOHG� WR� SURYLGH� D� JHQHUDO� LGHD� RI� H[SRVXUHV� WKDW�PLJKW� UHVXOW� IURP
FXPXODWLYH�UHOHDVHV���'HQYHU�ZDV�FKRVHQ�DV�DQ�H[DPSOH�FLW\��7DEOH��������:LWKLQ�WKH�FLW\�OLPLWV�RI
'HQYHU��'XQ�DQG�%UDGVWUHHW� UHSRUW� ���� OLWKRJUDSKHUV�� � 7KH� H[DPSOH� DVVXPHV� WKDW� DOO� RI� WKH
OLWKRJUDSKHUV� LQ� 'HQYHU� XVH� HDFK� EODQNHW� ZDVK� IRUPXODWLRQ� DW� WKH� VDPH� WLPH�� � 7KH� DYHUDJH
FRQFHQWUDWLRQ� IRU� WKH� FLW\� RI�'HQYHU� LV� WKHQ� FDOFXODWHG�� XVLQJ� ORFDO�ZHDWKHU� GDWD�� � 7KH� ����
SRSXODWLRQ�IRU�WKH�FLW\�RI�'HQYHU�LV�DSSUR[LPDWHO\���������

,Q�WKLV�FDVH��WKH�PRGHO�XVHG�LV�%2;02'��DOVR�LPSOHPHQWHG�LQ�WKH�*UDSKLFDO�([SRVXUH
0RGHOLQJ� 6\VWHP�� � ,W� XVHV� D� SDUDPHWHU� FDOOHG� WKH� 7LPH� &RQVWDQW� WR� DFFRXQW� IRU� FKHPLFDO
GHJUDGDWLRQ���7KH�WLPH�FRQVWDQW�LV�WKH�LQYHUVH�RI�WKH�UDWH�RI�GHFD\��XVHG�IRU�WKH�,6&/7�PRGHO���7KLV
LV�DOVR�WKH�KDOI�OLIH�LQ�DLU�GLYLGHG�E\���������7KH�RWKHU�SDUDPHWHU�QHHGHG�WR�UXQ�WKH�PRGHO��LV�WKH
VL]H�RI�WKH�DUHD�EHLQJ�PRGHOHG���'HQYHU�LV��������VTXDUH�NLORPHWHUV��RU�������NLORPHWHUV�RQ�D�VLGH�
$Q�H[DPSOH�RI�D�%2;02'�UXQ�LV�ORFDWHG�LQ�$SSHQGL[�%�
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Table 3-4.  Denver Average Air Concentrations and Residential Population Potential Dose
Rates 1

Form.
Number

Chemical Components  Concentration Pot. Dose LADD
100 Meter Annual

(µg/m ) (mg/year) (mg/kg/day)3

1 Fatty acid derivatives 1 9 3 x 10
Alkoxylated alcohols 4 x 10 3 1 x 10-1

-4

-4

3 Hydrocarbons, petroleum distillates 6 x 10 4 2 x 10
Fatty acid derivatives
Hydrocarbons, aromatic 6.5 x 10 5 1.45 x 10
Alkyl benzene sulfonates

-1

-1

-4

-4

4 Terpenes 1 8 3 x 10
Ethoxylated nonylphenol

-4

5 Water 
Hydrocarbons, aromatic 6 x 10 4 2 x 10
Ethylene glycol ethers 2 x 10 1 6 x 10
Ethoxylated nonylphenol
Alkyl benzene sulfonates
Alkoxylated alcohols
Alkali/salts

-1

-1

-4

-5

6 Fatty acid derivatives
Hydrocarbons, petroleum distillates 5 x 10 4 1 x 10
Hydrocarbons, aromatic 2 x 10 1 6 x 10
Alkyl benzene sulfonates

-1

-1

-4

-5

7 Terpenes 1.72 12.6 4.56 x 10
Ethoxylated nonylphenol
Alkoxylated alcohols

-4

8 Water 
Hydrocarbons, aromatic 5 x 10 4 1 x 10
Propylene glycol ethers 3 x 10 2 9 x 10
Alkyl benzene sulfonates
Ethoxylated nonylphenol
Alkoxylated alcohols
Alkali/salts

-1

-1

-4

-5

9 Fatty acid derivatives
Water
Ethoxylated nonylphenol

10 Fatty acid derivatives
Water

11 Fatty acid derivatives
Hydrocarbons, petroleum distillates 8 x 10 6 2 x 10
Hydrocarbons, aromatic 1 x 10 7 x 10 3 x 10
Alkyl benzene sulfonates

-1

-1 -1

-4

-5

12 Hydrocarbons, petroleum distillates 9 x 10 6.7 2.3 x 10-1 -4

14 Fatty acid derivatives
Propylene glycol ethers 2 x 10 1 6 x 10-1 -5

16 Terpenes 1.89 13.3 5.2 x 10-4
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Chemical Components  Concentration Pot. Dose LADD
100 Meter Annual

(µg/m ) (mg/year) (mg/kg/day)3
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17 Ethoxylated nonylphenol
Glycols 4 x 10 3 x 10 1 x 10
Fatty acid derivatives
Alkali/salts
Water

-2 -1 -5

18 Fatty acid derivatives
Hydrocarbons, petroleum distillates 6 x 10 4 2 x 10
Hydrocarbons, aromatic 1 x 10 7 x 10 3 x 10
Dibasic esters 2.6 x 10 2 8 x 10
Esters/lactones 8 x 10 6 x 10 2 x 10
Alkyl benzene sulfonates

-1

-1

-1

-2

-1

-1

-4

-5

-5

-5

19 Fatty acid derivatives
Propylene glycol ethers 1 9 4 x 10-4

20 Hydrocarbons, petroleum distillates 3 x 10 2 9 x 10
Hydrocarbons, aromatic 2 x 10 1 6 x 10
Alkyl benzene sulfonates

-1

-1

-5

-5

21 Hydrocarbons, aromatic 4 x 10 3 1 x 10
Hydrocarbons, petroleum distillates 6 x 10 4 2 x 10
Fatty acid derivatives

-1

-1

-4

-4

22 Fatty acid derivatives
Hydrocarbons, aromatic 5 x 10 4 1 x 10-1 -4

23 Terpenes 8 x 10 6 2 x 10
Nitrogen heterocyclics 5 x 10 4 1 x 10
Alkoxylated alcohols 6 x 10 4 2 x 10

-1

-1

-1

-4

-4

-4

24 Terpenes 3 x 10 2 9 x 10
Ethylene glycol ethers 8 x 10 6 x 10 2 x 10
Ethoxylated nonylphenol
Alkyl benzene sulfonates
Alkali/salts

-1

-2 -1

-5

-5

25 Terpenes 1.63 12.4 4.59 x 10
Esters/lactones 8 x 10 6 x 10 2 x 10-2 -1

-4

-5

26 Fatty acid derivatives
Esters/lactones

27 Terpenes 3 23 7.9 x 10-4

28 Hydrocarbons, petroleum distillates 2 10 5 x 10-4

29 Fatty acid derivatives

30 Hydrocarbons, aromatic 1 9 4 x 10
Propylene glycol ethers 2 x 10 1 6 x 10-1

-4

-5

31 Hydrocarbons, aromatic 3 x 10 2 9 x 10
Hydrocarbons, petroleum distillates 2 10 6 x 10

-1 -5

-4

32 Hydrocarbons, petroleum distillates 2 10 5 x 10-4

33 Hydrocarbons, petroleum distillates 5 x 10 4 1 x 10
Hydrocarbons, aromatic 5 x 10 4 1 x 10
Propylene glycol ethers 8 x 10 6 x 10 2 x 10

-1

-1

-2 -1

-4

-4

-5
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100 Meter Annual

(µg/m ) (mg/year) (mg/kg/day)3
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34 Water
Terpenes 3 x 10 2 9 x 10
Hydrocarbons, petroleum distillates 3 x 10 2 9 x 10
Alkoxylated alcohols
Fatty acid derivatives

-1

-1

-5

-5

35 Hydrocarbons, petroleum distillates 3 x 10 2 9 x 10
Hydrocarbons, aromatic 2 10 5 x 10

-1 -5

-4

36 Fatty acid derivatives
Hydrocarbons, petroleum distillates 4 x 10 3 1 x 10
Hydrocarbons, aromatic 2 x 10 1 6 x 10
Propylene glycol ethers 8 x 10 6 x 10 2 x 10

-1

-1

-2 -1

-4

-5

-5

37 Water
Hydrocarbons, petroleum distillates 1.8 14 6 x 10
Hydrocarbons, aromatic 8 x 10 6 2 x 10-1

-4

-4

38 Hydrocarbons, petroleum distillates 1 9 4 x 10
Alkoxylated alcohols 3 x 10 2 9 x 10
Fatty acid derivatives

-1

-4

-5

39 Water
Hydrocarbons, petroleum distillates 4 x 10 3 1 x 10
Propylene glycol ethers 2 x 10 1 6 x 10
Alkanolamines
Ethylene glycol ethers 9 x 10 7 x 10 3 x 10

-1

-1

-2 -1

-4

-5

-5

40 Hydrocarbons, aromatic 3 x 10 2 9 x 10
Hydrocarbons, petroleum distillates 3 x 10 2 9 x 10
Fatty acid derivatives
Ethoxylated nonylphenol

-1

-1

-5

-5

A blank space in the table indicates that there were no releases to air because the chemical would not evaporate1

readily.

6XUIDFH�:DWHU

5HOHDVHV� WR� VXUIDFH�ZDWHU� DUH� WKRVH� UHOHDVHV�GLVFKDUJHG� WKURXJK�D�GUDLQ�DW� D�SULQWLQJ
IDFLOLW\��RU�DW�D�ODXQGU\�IDFLOLW\�ODXQGHULQJ�UDJV�IURP�WKH�SULQWLQJ�IDFLOLW\�WKDW�HQG�XS�JRLQJ�WR�SXEOLF
VHZHUV� RU� 3XEOLFO\�2ZQHG�7UHDWPHQW�:RUNV� �327:V��� � 7KLV�GLVFKDUJH� LV� WUHDWHG�EHIRUH�EHLQJ
UHOHDVHG�� � 7KH� HIIHFWLYHQHVV� RI� WKH� WUHDWPHQW� GHWHUPLQHG� VR� WKDW� WKH� DPRXQW� DFWXDOO\� JHWWLQJ
WKURXJK�WR�WKH�UHFHLYLQJ�ZDWHU�ERG\�FDQ�EH�FDOFXODWHG���7KH�UHFHLYLQJ�ZDWHU�ZLOO�GLOXWH�WKH�GLVFKDUJH
IURP�WKH�327:��DQG�D�VWUHDP�FRQFHQWUDWLRQ�FDQ�EH�FDOFXODWHG�XVLQJ�VWUHDP�IORZ�LQIRUPDWLRQ�
6WUHDP�LQ�WKLV�FRQWH[W�PHDQV�WKH�UHFHLYLQJ�ERG\�RI�ZDWHU��DQG�DUH�FUHHNV�DQG�ULYHUV�DV�ZHOO�DV
VWUHDPV���

$YHUDJH�VWUHDP�FRQFHQWUDWLRQV�DUH�XVHG�WR�FDOFXODWH�DYHUDJH�GULQNLQJ�ZDWHU�FRQVXPSWLRQ�
0DQ\�SXEOLF�ZDWHU�VXSSOLHV�DUH�GUDZQ�IURP�WKH�ORFDO�VWUHDPV�DQG�ULYHUV��WKH�FRQFHQWUDWLRQ�LQ�WKH
VWUHDP�LV�WKH�FRQFHQWUDWLRQ�ZKLFK�SHRSOH�ZLOO�LQJHVW���3HRSOH�RQ�DYHUDJH�GULQN�WZR�OLWHUV�RI�ZDWHU
D�GD\���5HPHPEHU�WKDW�PDQ\�FRPPHUFLDOO\�SUHSDUHG�EHYHUDJHV�DUH�VWLOO�PDGH�ZLWK�ORFDO�ZDWHU�DW
WKH�ERWWOLQJ�SODQW�
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6LQFH�WKHUH�DUH�PDQ\�FKHPLFDOV�ZKLFK�DFFXPXODWH�LQ�OLYLQJ�RUJDQLVPV��ELRDFFXPXODWLRQ��
WKH�DPRXQW�RI�WKH�FKHPLFDO�IURP�HDWLQJ�ILVK�OLYLQJ�LQ�WKH�VDPH�VWUHDPV�DQG�ULYHUV�LV�FDOFXODWHG�
7KH�DELOLW\�RI�D�FKHPLFDO�WR�ELRDFFXPXODWH�PD\�EH�PHDVXUHG�RU�HVWLPDWHG��DQG�WKDW�SURSHUW\�LV
FDOOHG�WKH�ELRDFFXPXODWLRQ�IDFWRU���)RU�FHUWDLQ�NLQGV�RI�FKHPLFDOV��IRRG�FRQVXPSWLRQ�PD\�GHOLYHU
YHU\�KLJK�GRVHV�EHFDXVH�RI�WKH�FXPXODWLYH�QDWXUH���:H�XVH�WKH�ELRFRQFHQWUDWLRQ�IDFWRU�DQG�WKH
DYHUDJH�DPRXQW�RI� ILVK�HDWHQ�SHU�SHUVRQ�SHU�GD\�WR�FDOFXODWH�DQ�DYHUDJH�DPRXQW�RI�FKHPLFDO
LQJHVWHG�E\�SHRSOH�RQ�D�GDLO\�EDVLV��7DEOH������

7KH� RWKHU� LVVXH� IRU� VXUIDFH� ZDWHU� LV� WKH� HIIHFW� WKDW� D� FKHPLFDO� PD\� KDYH� RQ� DTXDWLF
RUJDQLVPV��IURP�DOJDH�WR�ILVK���,I�WKH�IRRG�FKDLQ�LV�EURNHQ�LQ�D�VWUHDP��WKH�FRQVHTXHQFHV�DUH�GLUH�
1R�DOJDH��QR�ILVK���$�KHDOWK\�VWUHDP�ZLWK�PDQ\�RUJDQLVPV�ZLOO�KDYH�D�EHWWHU�DELOLW\�WR�KDQGOH
FKHPLFDO�UHOHDVHV�WKDQ�RQH�ZKRVH�TXDOLW\�LV�DOUHDG\�FRPSURPLVHG���7KH�RUJDQLVPV�ORZHU�RQ�WKH
IRRG�FKDLQ��VXFK�DV�DOJDH��WHQG�WR�KDYH�VKRUWHU�OLYHV��PDNLQJ�VKRUWHU�H[SRVXUH�WLPH�SHULRGV�PRUH
FULWLFDO���6LQFH�FRQFHQWUDWLRQV�ZLOO�YDU\�ZLWK�WKH�VWUHDP�IORZ��WKHUH�PD\�EH�SHULRGV�RI�ORZHU�IORZ
FRQGLWLRQV�ZKHUH�WKH�VDPH�DPRXQW�UHOHDVHG�DV�RQ�D�UHJXODU�IORZ�VLWXDWLRQ�ZLOO�FDXVH�SUREOHPV�
:H�XVH�KLVWRULFDO�VWUHDP�GDWD�WR�WU\�WR�SUHGLFW�KRZ�RIWHQ�WKLV�ZLOO�KDSSHQ���)RU�OLWKRJUDSKHUV��VLQFH
PRVW�GR�QRW�QHHG�WR�KDYH�WKHLU�RZQ�ZDVWHZDWHU�SHUPLW�DQG�PRUH�W\SLFDOO\�VHQG�WKHLU�ZDWHU�WR�WKH
ORFDO�WUHDWPHQW�SODQW��ZH�XVH�WKH�LQIRUPDWLRQ�IRU�WKH�ZDVWHZDWHU�WUHDWPHQW�SODQWV�WR�FDOFXODWH�WKH
FRQFHQWUDWLRQV��

/RFDO�([SRVXUH���)RU�WKH�VLQJOH�IDFLOLW\�LPSDFW�WR�EH�FDOFXODWHG�IRU�D�UHDO�IDFLOLW\��WKH�VWUHDP
WR�ZKLFK�WKH�ORFDO�327:�GLVFKDUJHV�VKRXOG�EH�NQRZQ���-XVW�DV�WKHUH�DUH�YDULDWLRQV�LQ�IDFLOLW\�VL]HV�
WKHUH�DUH�YDULDWLRQV�LQ�VWUHDP�IORZV��DQG�VWUHDP�IORZV�YDU\�ZLWK�WLPH���7KH�LPSDFW�RI�WKLV�RQ�WKLV
DVVHVVPHQW�LV�WKDW�PRUH�WKDQ�RQH�FRQFHQWUDWLRQ�QHHGV�WR�EH�FDOFXODWHG���&KURQLF�HIIHFWV��VXFK�DV
FDQFHU��UHTXLUH�DYHUDJH�FRQFHQWUDWLRQV�WR�EH�XVHG��6LQFH�WKH�DYHUDJH��PHDQ��VWUHDP�IORZV�GHSHQGV
RQ�ZKDW�VWUHDP�LV�EHLQJ�XVHG��ZH�VHOHFW�WZR�DYHUDJHV�WR�FDOFXODWH����WKH�DYHUDJH�FRQFHQWUDWLRQ�IRU
DQ�PLG�VL]HG�VWUHDP����WK�SHUFHQWLOH�PHDQ�IORZ���DQG�WKH�DYHUDJH�FRQFHQWUDWLRQ�IRU�D�VPDOO�VWUHDP
���WK�SHUFHQWLOH�PHDQ�IORZ����)RU�DFXWH�FRQFHUQV�DQG�IRU�HFRORJLFDO�FRQFHUQV��ZH�FDOFXODWHG�KLJK
FRQFHQWUDWLRQV�ZKLFK�RFFXU�XQGHU�ORZ�IORZ�FRQGLWLRQV���6SHFLILFDOO\��ORZ�IORZ�LV�WKH�ORZHVW�IORZ�WKDW
FRQWLQXHV�IRU�VHYHQ�FRQVHFXWLYH�GD\V�LQ�WHQ�\HDUV���+RZHYHU��ZH�RQO\�FDOFXODWH�WKH�ORZ�IRU�VPDOO
VWUHDPV����WK�SHUFHQWLOH�ORZ�IORZ��

7KH� DFWXDO� IORZV� XVHG� LQ� WKLV� DVVHVVPHQW� DUH� ����PLOOLRQ� OLWHUV� SHU� GD\� IRU� WKH� ��WK
SHUFHQWLOH�KDUPRQLF�PHDQ�IORZ�����PLOOLRQ�OLWHUV�SHU�GD\�IRU���WK�SHUFHQWLOH�PHDQ�IORZ��DQG��
PLOOLRQ�OLWHUV�SHU�GD\�IRU���WK�SHUFHQWLOH�ORZ�IORZ���

6LQFH�DQ�LQGLYLGXDO�PD\�LQJHVW�ERWK�GULQNLQJ�ZDWHU�DQG�ILVK��WKHUH�DUH�PXOWLSOH�SRWHQWLDO
GRVHV�WR�HYDOXDWH��

7R�FDOFXODWH�VWUHDP�FRQFHQWUDWLRQ�LQ��J�/��XVH�WKH�IROORZLQJ�IRUPXOD�

5HOHDVH�LQ�NJ�VLWH�GD\�[����5HPRYDO��[�����
6WUHDP�&RQFHQWUDWLRQ� ������������������������������������������������������

6WUHDPIORZ�LQ�PLOOLRQ�OLWHUV�SHU�GD\

RU�

5HOHDVH�DIWHU�WUHDWPHQW�LQ�NJ�VLWH�GD\�[�����
6WUHDP�&RQFHQWUDWLRQ �����������������������������������������������������

6WUHDPIORZ�LQ�PLOOLRQ�OLWHUV�SHU�GD\
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%HFDXVH�WKH�IORZ�GDWD�ZH�XVH�DUH�PHDVXUHG�E\�WKH�8�6��*HRORJLFDO�6XUYH\��86*6��EHORZ�DQ\
GLVFKDUJHU� RQ� WKDW� VHJPHQW� RI� WKH� VWUHDP� �WHFKQLFDOO\� DW� WKH�ERWWRP�RI� WKH� UHDFK��� LW� DOUHDG\
LQFOXGHV�ZDWHU�IURP�DQ\��327:�RQ�WKDW�VHJPHQW�� �)RU�ODUJH�VWUHDPV�WKLV�LV�QRW�DQ�LPSRUWDQW
FRQVLGHUDWLRQ��EXW�IRU�327:V�RQ�VPDOO�VWUHDPV��LW�EHFRPHV�FRQWHQWLRXV���$�327:�ZLWK�DQ�LQWHUQDO
SODQW�IORZ�RI����PLOOLRQ�OLWHUV�SHU�GD\�UHOHDVLQJ�WR�D�VWUHDP�ZKLFK�KDV�D�ORZ�IORZ�RI����PLOOLRQ�OLWHUV
SHU�GD\�LV�QRW�LQVLJQLILFDQW��LW�LV�DOO�RI�WKH�UHFHLYLQJ�VWUHDP
V�ZDWHU����%DVHG�RQ�WKH�GDWD��WKHUH�DUH
D�VLJQLILFDQW�QXPEHU�RI�327:V�IRU�ZKLFK�WKLV�DSSHDUV�WR�EH�WKH�FDVH�

7R�FDOFXODWH�KRZ�PXFK�D�SHUVRQ�ZLOO�LQJHVW�WKURXJK�GULQNLQJ�ZDWHU�LQ�PJ�SHU�\HDU��XVH�WKH
IRUPXOD�

<HDUO\�3RWHQWLDO�'RVH�5DWH� �6WUHDP�FRQFHQWUDWLRQ�LQ��J�SHU�OLWHU�[���OLWHUV�RI�ZDWHU�SHU�GD\
�[�'D\V�RI�UHOHDVH�SHU�\HDU�[������

7R�FDOFXODWH�WKH�SRWHQWLDO�DPRXQW�WDNHQ�WKURXJK�HDWLQJ�VHDIRRG�LQ�PJ�SHU�\HDU��XVH�WKH
IROORZLQJ�IRUPXOD�

<HDUO\�3RWHQWLDO�'RVH�5DWH� �6WUHDP�FRQFHQWUDWLRQ�LQ��J�SHU�OLWHU�[�%LRFRQFHQWUDWLRQ�IDFWRU
�������������������������������������������[������JUDPV�RI�ILVK�SHU�GD\�[�'D\V�RI�UHOHDVH�SHU�\HDU�[�����

7KH�IRUPXOD�DERYH�GRHV�QRW�FRQVLGHU�UHPRYDO�GXULQJ�GULQNLQJ�ZDWHU�WUHDWPHQW���3XEOLF
GULQNLQJ�ZDWHU�WUHDWPHQW�LV�GHVLJQHG�SULPDULO\�WR�SUHYHQW�ELRORJLFDO�FRQWDPLQDWLRQ�RI�GULQNLQJ
ZDWHU�DQG�GRHV�QRW�QHFHVVDULO\�UHPRYH�FKHPLFDOV�IURP�WKH�ZDWHU���)RU�PRVW�FKHPLFDOV��GULQNLQJ
ZDWHU�WUHDWPHQW�LV�QRW�DQ�HIIHFWLYH�PHFKDQLVP���$Q�H[FHSWLRQ�WR�WKLV�LV�ZKHUH�DQ�DFWLYDWHG�FKDUFRDO
ILOWHU�LV�XVHG��VXFK�DV�RQ�D�SULYDWH�UHVLGHQWLDO�WDS��ZKLFK�ZLOO�UHPRYH�D�VLJQLILFDQW�SRUWLRQ�RI�WKH
RUJDQLF�FKHPLFDOV�LQ�WKH�ZDWHU��

7KH� ELRFRQFHQWUDWLRQ� IDFWRU� LV� D� FKHPLFDO�VSHFLILF� SURSHUW\�� � ,W� LV� FDOFXODWHG� ZLWK� WKH
HQYLURQPHQWDO�IDWH�SURSHUWLHV���7KH�FKHPLFDOV�DUH�DVVXPHG�WR�EH�UHOHDVHG�����GD\V�SHU�\HDU�

&XPXODWLYH� UHOHDVHV� WR� WKH� VDPH�327:�PD\�EH� HVWLPDWHG�E\� FRXQWLQJ� WKH�QXPEHU� RI
OLWKRJUDSKHUV�LQ�DQ�DUHD�DQG�GLVWULEXWLQJ�WKH�UHOHDVHV�DFURVV�DOO�WKH�327:V�LQ�WKH�DUHD���:H�KDYH
WR�DVVXPH�WKDW�WKH�UHOHDVHV�DUH�IRU�WKH�VDPH�SURGXFWV��RU�YHU\�VLPLODU�SURGXFWV���$V�IRU�DLU��WKLV
FXPXODWLYH� QXPEHU� LV� H[SHFWHG� WR� EH� IDU� PRUH� VLJQLILFDQW� WKDQ� WKH� DPRXQW� IRU� DQ\� VLQJOH
OLWKRJUDSKHU���$JDLQ��'HQYHU�LV�WKH�FLW\�XVHG�DV�DQ�H[DPSOH��7DEOH��������5HOHDVHV�IURP�DOO�RI�WKH
����OLWKRJUDSKHUV�LQ�WKH�FLW\�RI�'HQYHU�DUH�DVVXPHG�WR�JR�IURP�WKH�'HQYHU�0HWUR�:DVWHZDWHU
5HFODPDWLRQ�'LVWULFW�LQWR�WKH�6RXWK�3ODWWH�5LYHU���7KH�FRQFHQWUDWLRQV�DUH�FDOFXODWHG�IRU�KDUPRQLF
PHDQ�IORZ�RI�����PLOOLRQ�OLWHUV�SHU�GD\���ZKLFK�LV�WKH�DYHUDJH�RU�W\SLFDO�IORZ�IRU�WKH�ULYHU��DQG�IRU
WKH�ORZ�IORZ�RI�����PLOOLRQ�OLWHUV�SHU�GD\���WKH�ORZHVW�IORZ�IRU�VHYHQ�FRQVHFXWLYH�GD\V�LQ�WHQ�\HDUV�
'RZQVWUHDP�IURP�WKH�GLVFKDUJH�DUH�GULQNLQJ�ZDWHU�LQWDNHV�IRU�WKH�&LW\�RI�%URRPILHOG�DQG�WKH�&LW\
RI�7KRUQWRQ�

8QFHUWDLQW\

:LWKLQ�RXU�VFHQDULR��WKHUH�DUH�VSHFLILF�SDUDPHWHUV�ZKLFK�DIIHFW�ILQDO�FRQFHQWUDWLRQV�DQG
WKHUHIRUH�ILQDO�H[SRVXUHV�PRUH�WKDQ�RWKHUV����6LQFH�ZH�DUH�XVLQJ�WKH�HVWLPDWHV�IRU�FRPSDULVRQ��WKH
VLQJOH�PRVW�LPSRUWDQW�IDFWRU�LV�WKH�DPRXQW�RI�WKH�VXEVWDQFH�UHOHDVHG�SHU�IRUPXODWLRQ���)RU�ZDWHU
UHOHDVHV��WKH�VHFRQG�PRVW�XQFHUWDLQ�IDFWRU�LV�WKH�YROXPH�RI�ZDWHU�LQ�WKH�UHFHLYLQJ�VWUHDP��IROORZHG
E\�WKH�DPRXQW�RI�VXEVWDQFH�UHPRYHG� LQ�ZDVWH�ZDWHU�WUHDWPHQW�� � ,Q�DFWXDOLW\��ULYHU� IORZV�YDU\
FRQWLQXRXVO\��VR�HYHQ�D�FRQVWDQW�DQG�VWHDG\�IORZ�RI�D�VSHFLILF�FKHPLFDO�LQWR�WKH�ZDWHU�ZLOO�KDYH
YDULDWLRQV�LQ�FRQFHQWUDWLRQ���6RPH�ZDVWH�ZDWHU�WUHDWPHQW�SODQWV�ZLOO�UHPRYH�PRUH�RI�D�FKHPLFDO
WKDQ�RWKHUV��DQG�HYHQ�YDU\�ZLWKLQ�WKH�VDPH�SODQW�DW�GLIIHUHQW�WLPHV���7KH�GLIIHUHQFH�WKDW�WKLV
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Table 3-5.  Stream Concentrations and Residential Population Potential Doses from Single Facility Blanket Wash Releases

Form.
Number

Chemical Components Daily 
Release 1

(kg/day)

Daily Release
After POTW
Treatment 1

(kg/day)

    Stream concentrations 1

(mg/L)
Drinking Water

Human Potential
Dose Rates  (mg/year)2

Fish Ingestion
Human Potential Dose

Rates  (mg/year)2

50th %ile
Mean flow

10th %ile
Mean flow

10th %ile
Low flow

50th %ile 10th %ile 50th %ile 10th %ile

1 Fatty acid derivatives
Alkoxylated alcohols

3 Hydrocarbons, petroleum distillates
Fatty acid derivatives
Hydrocarbons, aromatic
Alkyl benzene sulfonates

6.1 x 10-1

1.5 x 10-1

3.6 x 10-2

2.6 x 10-2

7 x 10-5

5 x 10-5

6 x 10-4

4 x 10-4

4 x 10-2

3 x 10-2

4 x 10-2

3 x 10-2

3 x 10-1

2 x 10-1

1 x 102

6 x 10-1

1 x 103

4

4 Terpenes
Ethoxylated nonylphenol3 1.56 8 × 10 -22 × 10-4 1.0 × 10-3 8.0 × 10-2 8 × 10-2 6 × 10-1

5 Water 
Hydrocarbons, aromatic
Ethylene glycol ethers
Ethoxylated nonylphenol3

Alkyl benzene sulfonates
Alkoxylated alcohols
Alkali/salts

2.0 x 10-1

1.2 x 10-1

6.0 x 10-2

2.0 x 10-2

1 × 10-2

2.4 x 10-3

5.9 x 10-2

0

2 × 10-5

5 x 10-6

1 x 10-4

0

2 × 10-4

3.9 x 10-5

9 x 10-4

0

1.0 × 10-2

2.6 × 10-3

6 x 10-2

0

1 × 10-2

2.6 x 10-3

6 x 10-2

0

8 × 10-2

2.5 x 10-2

5 x 10-1

0

1 x 10-2

9 x 10-2

0

1 x 10-2

7 x 10-1

0

6 Fatty acid derivatives
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Alkyl benzene sulfonates

1.3

1.0 x 10-1

7.9 x 10-2

3.0 x 10-3

2 x 10-4

6 x 10-6

1×10-3

5 x 10-5

8 x 10-2

3 × 10-3

8 x 10-2

3 x 10-3

6 x 10-1

2 x 10-2

3 x 102

0

2 x 103

0

7 Terpenes
Ethoxylated nonylphenol3

Alkoxylated alcohols
6.0 x 10-2

6.0 x 10-2
3 × 10-3

9 x 10-3
6 × 10-6

2 x 10-5
5 × 10-5

1 x 10-4
3 × 10-3

9 × 10-3
3 × 10-3

9 x 10-3
2 × 10-2

7 x 10-2 0 0

8 Water 
Hydrocarbons, aromatic
Propylene glycol ethers
Ethoxylated nonylphenol3

Alkyl benzene sulfonates
Alkoxylated alcohols
Alkali/salts

1.7 x 10-1

3.64 x 10-1

5.2 x 10-2

1.6 x 10-2

9 x 10-3

5.332 x 10-2

5.1 x 10-2

0

2 x 10-5

1.11 x 10-4

1 x 10-4

0

1 x 10-4

8.08 x 10-4

8 x 10-4

0

9.0 × 10-3

4.95× 10-2

5 x 10-2

0

9 x 10-3

4.95 x 10-2

5 x 10-2

0

6 x 10-2

3.7 x 10-1

4 x 10-1

0

1 x 10-2

8 x 10-2

0

9 x 10-2

6 x 10-1

0
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Form.
Number

Chemical Components  Daily 
Release 1

(kg/day)

 
Daily Release
After POTW
Treatment 1

(kg/day)

    Stream concentrations 1

(mg/L)
Drinking Water

Human Potential
Dose Rates  (mg/year)2

Fish Ingestion
Human Potential Dose

Rates  (mg/year)2

50th %ile
Mean flow

10th %ile
Mean flow

10th %ile
Low flow

50th %ile  10th %ile  50th %ile  10th %ile

9 Fatty acid derivatives
Water
Ethoxylated nonylphenol3

1.6

6.0 x 10-2

9.7 x 10-2

3 × 10-3

2 x 10-4

6 × 10-6

1 × 10-3

5 × 10-5

1 x 10-1

3 × 10-3

1 x 10-1

3 × 10-3

7 x 10-1

2 × 10-2

4 x 102 3 x 103

10 Fatty acid derivatives
Water

5.6 x 10-1 3.4 x 10-2 7 x 10-5 5 x 10-4 3 x 10-2 3 x 10-2 3 x 10-1 1 x 102 1 x 103

11 Fatty acid derivatives
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Alkyl benzene sulfonates

1.0 

9.2 x 10-2

6.0 x 10-2

1.6 x 10-2

1 x 10-4

3 x 10-5

9 x 10-4

2 x 10-4

6 x 10-2

2 x 10-2

6 x 10-2

2 x 10-2

5 x 10-1

1 x 10-1

2 x 102

0

2 x 102

0

12 Hydrocarbons, petroleum distillates

14 Fatty acid derivatives
Propylene glycol ethers

2.2 x 10-1 1.3 x 10-2 3 x 10-5 2 x 10-4 1 x 10-2 1 x 10-2 1 x 10-1 5 x 101 4 x 102

16 Terpenes

17 Ethoxylated nonylphenol3

Glycols
Fatty acid derivatives
Alkali/salts
Water

4.4 x 10-2

2.0 x 10-2

1.2 x 10-2

2 × 10-3

1.2 x 10-3

4 × 10-6

2 x 10-6

3 × 10-5

2 x 10-5

2 × 10-3

1 × 10-3

2 × 10-3

1 x 10-3

2 × 10-2

9 x 10-3 5 3

18 Fatty acid derivatives
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Dibasic esters
Esters/lactones
Alkyl benzene sulfonates

9.0 x 10-1

9.2 x 10-2

5.4 x 10-2

1.6 x 10-2

1 x 10-4

3 x 10-5

8 x 10-4

2 x 10-4

5 x 10-2

2 x 10-2

5 x 10-2

2 x 10-2

4 x 10-1

1 x 10-1

2 x 102

0

2 x 103

0

19 Fatty acid derivatives
Propylene glycol ethers

7.3 x 10-1 4.4 x 10-2 9 x 10-5 7 x 10-4 4 x 10-2 4 x 10-2 3 x 10-1 2 x 102 1 x 103

20 Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Alkyl benzene sulfonates 1.0 x 10 -13.9 x 10-2 8 x 10-5 6 x 10-4 4 x 10-2 4 x 10-2 3 x 10-1 0 0

21 Hydrocarbons, aromatic
Hydrocarbons, petroleum distillates
Fatty acid derivatives 1.0 1.0 x 10 -22 x 10-5 2 x 10-4 1 x 10-2 1 x 10-2 8 x 10-2 4 x 101 3 x 102
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Form.
Number

Chemical Components  Daily 
Release 1

(kg/day)

 
Daily Release 1

After POTW
Treatment
(kg/day)

    Stream concentrations 1

(mg/L)
Drinking Water

Human Potential
Dose Rates  (mg/year)2

Fish Ingestion
Human Potential Dose

Rates  (mg/year)2

50th %ile
Mean flow

10th %ile
Mean flow

10th %ile
Low flow

50th %ile  10th %ile  50th %ile  10th %ile

22 Fatty acid derivatives
Hydrocarbons, aromatic

1.2 6.9 x 10 -21 x 10-4 1 × 10-3 7 x 10-2 7 x 10-2 5 x 102 3 x 102 2 x 103

23 Terpenes
Nitrogen heterocyclics
Alkoxylated alcohols

24 Terpenes
Ethylene glycol ethers
Ethoxylated nonylphenol3

Alkyl benzene sulfonates
Alkali/salts

9.2 x 10-2

1.4 x 10-1

9.2 x 10-2

5 × 10-3

4.2 x 10-3

1.6 x 10-2

9 × 10-6

8 x 10-6

3 x 10-5

7 × 10-5

6 x 10-5

2 x 10-4

5 × 10-3

4 × 10-3

2 x 10-2

5 × 10-3

4 x 10-3

2 x 10-2

4 × 10-2

3 x 10-2

1 x 10-1
0
0

0
0

25 Terpenes
Esters/lactones

26 Fatty acid derivatives
Esters/lactones

6.1
1.03 x 10-1

1.241 x 10-1

4.1 x 10-3
2.08 x 10-4

8 x 10-6
2.06 × 10-3

6 x 10-5
1.04 x10-1

4 × 10-3
1.04 x 10-1

4 x 10-3
9.3 x 10-1

3 x 10-2
5.006 x 102

0
3.005 x 103

0

27 Terpenes

28 Hydrocarbons, petroleum distillates

29 Fatty acid derivatives 2.1 1.3 x 10-1 3 x 10-4 2 × 10-3 1 x 10-1 1 x 10-1 1 5 x 102 4 x 103

30 Hydrocarbons, aromatic
Propylene glycol ethers

31 Hydrocarbons, aromatic
Hydrocarbons, petroleum distillates

32 Hydrocarbons, petroleum distillates

33 Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Propylene glycol ethers

34 Water
Terpenes
Hydrocarbons, petroleum distillates
Alkoxylated alcohols
Fatty acid derivatives

1.7 x 10-1

1.7 x 10-1
2.9 x 10-2

1.7 x 10-2
6 x 10-5

3 x 10-5
4 x 10-4

3 x 10-4
3 x 10-2

2 x 10-2
3 x 10-2

2 x 10-2
2 x 10-1

1 x 10-1
0

2 x 10-2
0

2 x 10-1
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Form.
Number

Chemical Components  Daily 
Release 1

(kg/day)

Daily Release
After POTW
Treatment 1

(kg/day)

    Stream concentrations 1

(mg/L)
Drinking Water

Human Potential
Dose Rates  (mg/year)2

Fish Ingestion
Human Potential Dose

Rates  (mg/year)2

50th %ile
Mean flow

10th %ile
Mean flow

10th %ile
Low flow

50th %ile  10th %ile  50th %ile  10th %ile

35 Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic

36 Fatty acid derivatives
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Propylene glycol ethers

1.5 9.0 x 10-2 2 x 10-4 1 × 10-3 9 x 10-2 9 x 10-2 7 x 10-1 3 x 102 3 x 103

37 D. I. Water
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic

38 Hydrocarbons, petroleum distillates
Alkoxylated alcohols
Fatty acid derivatives

39 Water
Hydrocarbons, petroleum distillates
Propylene glycol ethers
Alkanolamines
Ethylene glycol ethers

6.8 x 10-2 1.2 x 10-2 2 x 10-5 2 x 10-4 1 x 10-2 1 x 10-2 9 x 10-2 0 0

40 Hydrocarbons, aromatic
Hydrocarbons, petroleum distillates
Fatty acid derivatives
Ethoxylated nonylphenol3

1.4
8.8 x 10-2

0
4 × 10-3

0
9 × 10-6

0
7 × 10-5

0
4 × 10-3

0
4 × 10-3

0
3 × 10-2

0 0

A blank space in these columns indicates that there were no releases to water expected for this chemical in this formulation.1

A blank in the drinking water columns of this table indicates that there are no exposures expected from this chemical due to people drinking water.  This may be2

due to either no releases to water expected, or the chemical may be completely removed during wastewater treatment, and therefore, is not expected to be
released to the stream or river from the POTW.  An additional blank in the Fish Ingestion columns means that a bioaccumulation factor was not available for this
chemical.
Based on testing data (Weeks, A.J. et al.  1996.  Proceedings of the CESIO 4th World Surfactants Congress, Barcelona, Spain.  Brussels, Belgium:  European3

Committee on Surfactants and Detergents, pp. 276-291.), the original estimate of POTW removal has been changed from 100% reported in the draft document
to 95% in the final report.  This revision results in increased estimates of the releases from POTWs to surface waters of ethoxylated nonylphenols.  When the
releases to surface water are compared with the concern concentration set at the default value of 0.001 mg/L, the formulations containing ethoxylated nonylphenols
(formulations 4, 5, 7, 8, 9, 17, 24, and 40) present concerns to aquatic species that were not reported in the draft CTSA.
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Table 3-6.  Stream Concentrations and Residential Population Potential Dose 
Rates from Denver Lithography Blanket Wash Releases

Form. Chemical Components for Release for River (mg/L)
No. Denver, CO Denver, CO

Expected After Stream Human Potential
Total Treatment Concentration Dose Rates

Release Total South Platte (mg/year)

(kg/day) (kg/day)1 1

2

Mean Low From From Fish
Flow Flow Water Ingestion

1 Fatty acid derivatives
Alkoxylated alcohols

3 Hydrocarbons, petroleum distillates
Fatty acid derivatives 1.4×10 8.6 1×10 1×10 5 2×10
Hydrocarbons, aromatic
Alkyl benzene sulfonates 36 6.1 7×10 1×10 3 80

2 -2

-3

-2

-2

4

4 Terpenes
Ethoxylated nonylphenol 73 3.7 4×10 6 × 10 23 -3 -3

5 Water 
Hydrocarbons, aromatic
Ethylene glycol ethers
Ethoxylated nonylphenol 47 2.4 3×10 4 × 10 13

Alkyl benzene sulfonates 28 5.6×10 7×10 9×10 2.8×10 2
Alkoxylated alcohols 14 14 2×10 2×10 8 10
Alkali/salts 4.7 0.0 0 0 0

-1

-3

-4

-2

-3

-4

-2

-1

6 Fatty acid derivatives 3.1×10 19 2×10 3×10 10 4×10
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Alkyl benzene sulfonates 24 7.1×10 8×10 1×10 4×10

2

-1

-2

-4

-2

-3 -1

4

7 Terpenes
Ethoxylated nonylphenol 14 0.7 8×10 1×10 0.43

Alkoxylated alcohols 14 2.1 2×10 4×10 1

-4

-3

-3

-3

8 Water 
Hydrocarbons, aromatic
Propylene glycol ethers
Alkyl benzene sulfonates 85 12.22 1.2×10 2.4×10 7.07 2
Ethoxylated nonylphenol 40 2.0 2×10 3×10 13

Alkoxylated alcohols 12 12 1×10 2×10 7 10
Alkali/salts 3.8 0.0 0 0 0

-2

-3

-2

-2

-3

-2

9 Fatty acid derivatives 3.8×10 23 3×10 4×10 10 5×10
Water
Ethoxylated nonylphenol 14 0.7 8×10 1×10 43

2 -2

-4

-2

-3

4

10 Fatty acid derivatives 1.3×10 7.9 9×10 1×10 5 2×10
Water

2 -3 -2 4

11 Fatty acid derivatives 2.3×10 14 2×10 2×10 8 3×10
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Alkyl benzene sulfonates 22 3.7 4×10 6×10 2

2 -2

-3

-2

-3

4

12 Hydrocarbons, petroleum distillates

14 Fatty acid derivatives 51 3.0 3×10 5×10 2 7×10
Propylene glycol ethers

-3 -3 3

16 Terpenes



3.3  GENERAL POPULATION EXPOSURE ESTIMATES

Form. Chemical Components for Release for River (mg/L)
No. Denver, CO Denver, CO

Expected After Stream Human Potential
Total Treatment Concentration Dose Rates

Release Total South Platte (mg/year)

(kg/day) (kg/day)1 1

2

Mean Low From From Fish
Flow Flow Water Ingestion

3-35

17 Ethoxylated nonylphenol 10 0.5 6×10 8×10 0.33

Glycols
Fatty acid derivatives 4.7 2.8×10 3×10 5×10 2×10 6×10
Alkali/salts
Water

-1

-4

-4

-4

-4 -1 2

18 Fatty acid derivatives 2.1×10 13 1×10 2×10 7 3×10
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Dibasic esters
Esters/lactones
Alkyl benzene sulfonates 22 3.7 4×10 6×10 2

2 -2

-3

-2

-3

4

19 Fatty acid derivatives 1.7×10 10 1×10 2×10 6 2×10
Propylene glycol ethers

2 -2 -2 4

20 Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Alkyl benzene sulfonates 24 9.2 1×10 2×10 5-2 -2

21 Hydrocarbons, aromatic
Hydrocarbons, petroleum distillates
Fatty acid derivatives 2.4×10 2.4 3×10 4×10 1 6×102 -3 -3 3

22 Fatty acid derivatives 2.7×10 16 2×10 3×10 9 4×10
Hydrocarbons, aromatic

2 -2 -2 4

23 Terpenes
Nitrogen heterocyclics
Alkoxylated alcohols

24 Terpenes
Ethylene glycol ethers
Ethoxylated nonylphenol 22 1.1 1×10 2×10 6×103

Alkyl benzene sulfonates 33 9.9×10 1×10 2×10 6×10
Alkali/salts 22 3.7 4×10 6×10 2

-1

-3

-3

-3

-3

-3

-3

-1

-1

25 Terpenes
Esters/lactones

26 Fatty acid derivatives 5.66×10 2.896×10 3.1×10 5.2×10 20.5 6.008×10
Esters/lactones 2.36×10 9.6×10 1×10 2×10 5×10 0

2

2

1

-1

-2

-3

-2

-3 -1

4

27 Terpenes

28 Hydrocarbons, petroleum distillates

29 Fatty acid derivatives 5.0×10 30 3×10 5×10 20 6×102 -2 -2 4

30 Hydrocarbons, aromatic
Propylene glycol ethers

31 Hydrocarbons, aromatic
Hydrocarbons, petroleum distillates

32 Hydrocarbons, petroleum distillates

33 Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Propylene glycol ethers
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Form. Chemical Components for Release for River (mg/L)
No. Denver, CO Denver, CO

Expected After Stream Human Potential
Total Treatment Concentration Dose Rates

Release Total South Platte (mg/year)

(kg/day) (kg/day)1 1

2

Mean Low From From Fish
Flow Flow Water Ingestion

3-36

34 Water
Terpenes
Hydrocarbons, petroleum distillates
Alkoxylated alcohols 39 6.7 8×10 1×10 4
Fatty acid derivatives 39 3.9 5×10 7×10 2 3

-3

-3

-2

-3

35 Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic

36 Fatty acid derivatives 3.5×10 21 2×10 4×10 10 5×10
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic
Propylene glycol ethers

2 -2 -2 4

37 Water
Hydrocarbons, petroleum distillates
Hydrocarbons, aromatic

38 Hydrocarbons, petroleum distillates
Alkoxylated alcohols
Fatty acid derivatives

39 Water
Hydrocarbons, petroleum distillates
Propylene glycol ethers
Alkanolamines 16 2.7 3×10 5×10 2
Ethylene glycol ethers

-3 -3

40 Hydrocarbons, aromatic
Hydrocarbons, petroleum distillates
Fatty acid derivatives 3.3×10 0.0 0 0 0 0
Ethoxylated nonylphenol 21 1.1×10 1.2×10 1.9×10 0.63

2

-3 -3 -3

A blank space in these columns indicates that there were no releases to water expected for this chemical in this1

formulation.
A blank in the drinking water columns of this table indicates that there are no exposures expected from this chemical2

due to people drinking water.  This may be due to either no releases to water expected, or the chemical may be
completely removed during wastewater treatment, and therefore, is not expected to be released to the stream or river
from the POTW.  An additional blank in the Fish Ingestion columns means that a bioaccumulation factor was not
available for this chemical.
Based on testing data (Weeks, J.A. et al.  1996.  Proceedings of the CESIO 4th World Surfactants Congress,3

Barcelona, Spain.  Brussels, Belgium:  European Committee on Surfactants and Detergents, pp. 276-291.), the original
estimate of POTW removal has been changed from 100% reported in the draft document to 95% in the final report.
This revision results in increased estimates of the releases from POTWs to surface waters of ethoxylated
nonylphenols.  When the releases to surface water are compared with the concern concentration set at the default
value of 0.001 mg/L, the formulations containing ethoxylated nonylphenols (formulations 4, 5, 7, 8, 9, 17, 24, and 40)
present concerns to aquatic species that were not reported in the draft CTSA.

PDNHV�LQ�WKH�ILQDO�FRQFHQWUDWLRQ�LV�QRW�DV�VLJQLILFDQW�DV�WKH�YROXPH�RI�WKH�FKHPLFDO�UHOHDVHG��L�H�
WKH�GLIIHUHQFH�EHWZHHQ�ILIW\�SHUFHQW�DQG�VL[W\�SHUFHQW�UHPRYDO�RI�D�FKHPLFDO�
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3-37

6HSWLF�6\VWHPV

:KHQ�H[DPLQLQJ�WKH�EXVLQHVV�FHQVXV�GDWD�IRU�OLWKRJUDSKHUV�DQG�WKH�(3$ªV�GDWD�IRU�ZDVWH
ZDWHU�WUHDWPHQW�IDFLOLWLHV��LW�ZDV�QRWHG�WKDW�WKHUH�DUH�FRXQWLHV�ZKLFK�GR�QRW�KDYH�DQ\�327:V�
:KLOH�VRPH�RI� WKH�$JHQF\ªV�GDWD� LV�SUREDEO\� LQ�HUURU�� WKHUH�DUH�VWLOO�D� �VLJQLILFDQW�PLQRULW\�RI
OLWKRJUDSKHUV�ZKR�GR�QRW�DSSHDU�WR�UHOHDVH�ZDWHU�WR�D�ZDVWH�ZDWHU�WUHDWPHQW�SODQW���7KHVH�SULQWHUV
DUH�DVVXPHG�WR�UHOHDVH�WR�VHSWLF�V\VWHPV�RU�KDYH�QR�ZDWHU�UHOHDVHV�DW�DOO���7KH�UHOHDVHV�RI�WKLV�W\SH
DUH�QRW�PRGHOHG�LQ�WKLV�DVVHVVPHQW���6RPH�JHQHUDO�JXLGHOLQHV�PD\�EH�XVHG�WR�GHWHUPLQH�LI�WKHUH
ZLOO�EH�H[SRVXUH�WR�DQ\�RI�WKH�EODQNHW�ZDVK�FKHPLFDOV�IURP�VHSWLF�V\VWHP�VHHSDJH���(DFK�FKHPLFDO
ZLOO�KDYH�DQ�HVWLPDWHG�SRWHQWLDO�PLJUDWLRQ�WR�JURXQG�ZDWHU��XVXDOO\�XVHG�IRU�ODQGILOO�DVVHVVPHQWV�
7KLV�FDQ�EH�GLUHFWO\�DSSOLHG�WR�VHSWLF�V\VWHPV��EHFDXVH�WKH�SRWHQWLDO�WR�PLJUDWH�WR�JURXQG�ZDWHU
ZLOO�EH�WKH�VDPH���2I�FRXUVH�WKH�LQGLYLGXDO�FKDUDFWHULVWLFV�RI�WKH�V\VWHP�ZLOO�GHWHUPLQH�WKH�DFWXDO
VSHHG�WKDW�HDFK�FKHPLFDO�WUDYHOV�LQWR�WKH�JURXQG�ZDWHU���,I�WKH�VHSWLF�V\VWHP�LV�UHODWLYHO\�OHDN\��DQG
WKH�JURXQG�ZDWHU�WDEOH�LV�UHODWLYHO\�KLJK��WKH�WLPH�WKDW�D�FKHPLFDO�WDNHV�WR�JHW�LQWR�WKH�JURXQG
ZDWHU�ZLOO�EH�VKRUWHU�WKDQ�IRU�D�VHSWLF�V\VWHP�ZKLFK�LV�ZHOO�VHDOHG�DQG�ZKHUH�WKH�JURXQG�ZDWHU
WDEOH�LV�ORZ�

/DQGILOO

2XU�XVXDO�WHFKQLTXHV�IRU�HVWLPDWLQJ�FXPXODWLYH�H[SRVXUHV�IURP�ODQGILOO�UHOHDVHV�DUH�QRW
DSSOLFDEOH�WR�SULQWLQJ���)RU�ODUJH�VFDOH�LQGXVWULDO�SURFHVVHV��ZH�DVVXPH�WKDW�RQH�IDFLOLW\�VHQGV
ZDVWH�WR�D�ODQGILOO�YLD�D�ZDVWH�KDQGOHU���)RU�WKH�SULQWLQJ�LQGXVWU\��LW�LV�QRW�UHDVRQDEOH�WR�VLPSOLI\
WKH�VLWXDWLRQ�WR�WKDW�H[WHQW���$�ODFN�RI�GDWD�OLPLWV�WKH�GHWHUPLQDWLRQ�RI�H[SRVXUHV���)RU�LQVWDQFH�
ZH�GR�QRW�NQRZ�KRZ�PDQ\�SULQWHUV�DUH�VHQGLQJ�ZKDW�W\SHV�RI�ZDVWHV�WR�DQ\�JLYHQ�ODQGILOO���6RPH
SULQWHUV�VHQG�SDUW�RI�WKHLU�ZDVWHV�WR�D�KD]DUGRXV�ZDVWH�KDQGOHU��DQG�DQRWKHU�SRUWLRQ�WR�WKH�FRXQW\
ODQGILOO���)RU�WKHVH�UHDVRQV��DOWKRXJK�WKH�H[SRVXUHV�IURP�ODQGILOO�UHOHDVHV�PD\�EH�VLJQLILFDQW��ZH
FDQQRW�FDOFXODWH�H[SRVXUHV�IURP�ODQGILOO�VHHSDJH�DQG�PLJUDWLRQ�LQWR�JURXQG�ZDWHU���+RZHYHU��ZH
FDQ�JLYH�WKH�H[SHFWHG�IDWH�IRU�WKH�FKHPLFDO�LQ�WKH�ODQGILOO���ZLOO�WKH�FKHPLFDO�PLJUDWH�WR�JURXQG
ZDWHU�UDSLGO\��PRGHUDWHO\�RU�QHJOLJLEO\�

3.4  RISK CHARACTERIZATION

3.4.1  Background

$VVHVVPHQW�RI�WKH�KXPDQ�KHDOWK�ULVNV�SUHVHQWHG�E\�FKHPLFDO�VXEVWDQFHV� LQFOXGHV�WKH
IROORZLQJ�FRPSRQHQWV�RI�DQDO\VLV�

���+D]DUG�,GHQWLILFDWLRQ�LV�WKH�SURFHVV�RI�GHWHUPLQLQJ�ZKHWKHU�H[SRVXUH�WR�D�FKHPLFDO�FDQ
FDXVH�DQ�DGYHUVH�KHDOWK�HIIHFW�DQG�ZKHWKHU�WKH�DGYHUVH�KHDOWK�HIIHFW�LV�OLNHO\�WR�RFFXU�LQ
KXPDQV�

���'RVH�UHVSRQVH�$VVHVVPHQW�LV�WKH�SURFHVV�RI�GHILQLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�GRVH
RI�D�FKHPLFDO�UHFHLYHG�DQG�WKH�LQFLGHQFH�RI�DGYHUVH�KHDOWK�HIIHFWV�LQ�WKH�H[SRVHG�SRSXODWLRQ�
)URP�WKH�TXDQWLWDWLYH�GRVH�UHVSRQVH�UHODWLRQVKLS��WR[LFLW\�YDOXHV�DUH�GHULYHG�WKDW�DUH�XVHG
LQ�WKH�ULVN�FKDUDFWHUL]DWLRQ�VWHS�WR�HVWLPDWH�WKH�OLNHOLKRRG�RI�DGYHUVH�HIIHFWV�RFFXUULQJ�LQ
KXPDQV�DW�GLIIHUHQW�H[SRVXUH�OHYHOV�

��� ([SRVXUH� $VVHVVPHQW� LGHQWLILHV� SRSXODWLRQV� H[SRVHG� WR� D� FKHPLFDO�� GHVFULEHV� WKHLU
FRPSRVLWLRQ�DQG�VL]H��DQG�SUHVHQWV�WKH�W\SHV��PDJQLWXGHV��IUHTXHQFLHV��DQG�GXUDWLRQV�RI
H[SRVXUH�WR�WKH�FKHPLFDO�
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